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JP09-125172 
CLAIMS 

[Claim(s)] 

[Claim 1] In manufacturing the hydrogen storing metal alloy which uses magnesium 
and an yttrium as a principal component (a) The first process which inserts an yttrium 
raw material in a fusion furnace, and is heated at the temperature below the melting 
point, (b) The second process which adds a magnesium raw material and carries out 
the heating dissolution so that it may become a predetermined presentation ratio in 
the heating raw material of the first process, And the manufacture approach of the 
magnesium-yttrium system hydrogen storing metal alloy characterized by performing 
the third process which carries out cooling coagulation of the magnesium-yttrium 
system alloy molten metal formed at the (c) second process one by one. 
[Claim 2] In manufacturing the hydrogen storing metal alloy which uses magnesium 
and an yttrium as a principal component Some of yttrium raw materials and 
magnesium raw materials are inserted in a fusion, furnace. (aO In the heating raw 
material of the first process and the first (b') process heated at the temperature 
below the melting point of this yttrium raw material The second process which adds 
the remainder of a magnesium raw material and carries out the heating dissolution so 
that it may become a predetermined presentation ratio, And the manufacture 
approach of the magnesium-yttrium system hydrogen storing metal alloy 
characterized by performing the third process which carries out cooling coagulation of 
the magnesium-yttrium system alloy molten metal formed at the (c) second process 
one by one. 

[Claim 3] The manufacture approach according to claim 1 or 2 which carries out the 
heating dissolution while controlling the climbing speed of furnace internal pressure so 
that a rapid pressure buildup does not happen into a fusion furnace in case a 
magnesium raw material is added and the heating dissolution is carried out in the 
second process. 

[Claim 4] The manufacture approach according to claim 3 which controls the pressure 
climbing speed in a fusion furnace to a part for 10 - SOTorr/. 

[Claim 5] The manufacture approach according to claim 3 or 4 of performing control of 
the pressure climbing speed in a fusion furnace by controlling the programming rate in 
a furnace. 

[Claim 6] The manufacture approach according to claim 5 which controls the 
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programming rate in a fusion furnace to a part for 3-12-degree-C/. 
[Claim 7] The manufacture approach according to claim 1 or 2 of making a 
magnesium-yttrium system alloy molten metal cooling and solidifying with the cooling 
rate of 50-500 degrees C/second in the third process. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention rejates to the approach of manufacturing 
efficiently the magnesium-yttrium system hydrogen storing metal alloy of a 
homogeneity presentation of the type used for hydrogen storage, heat pump, a cell, 
etc. in more detail by the available high temperature which has equilibrium pressure 
from ordinary pressure at lOatm(s), about the manufacture approach of a 
magnesium-yttrium system hydrogen storing metal alloy. 
[0002] 

[Description of the Prior Art] In recent years, a hydrogen storing metal alloy attracts 
attention as one of the metal system new materials, and the application study is made 
positively. If it generates heat while it will absorb hydrogen and will serve as metal 
hydride, if this hydrogen storing metal alloy makes temperature low or a pressure is 
applied, and temperature is conversely made high or a pressure is lowered, it has the 
property to take heat at the same time it emits the hydrogen which was being 
absorbed again. Therefore, using such a property, a hydrogen storing metal alloy can 
be used for storage of hydrogen, storage of energy, or conversion of chemical energy 
and heat energy, for example, the use to hydrogen storage equipment, the heat pump 
of exhaust heat use, a chemical engine, the electrode material of a nickel hydoride 
battery, etc. is tried. 

[0003] The alloy which combined various elements according to the application is 
known by such hydrogen storing metal alloy, and a lanthanum-nickel system, a 
titanium-iron system, a zirconium-manganese system, a magnesium-nickel system, 
etc. are mentioned to it as a typical alloy. In these hydrogen storing metal alloys, the 
temperature dissociation pressure indicates one atmospheric pressure to be is 200 
degrees C or more, and since occlusion of the hydrogen is carried out into an alloy at 
an elevated temperature, the occlusion and emission of hydrogen of a magnesium 
system alloy are attained using a hot heat source. Therefore, this magnesium system 
alloy is useful as the cold and the object for heating systems using for example, works 
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waste heat or an object for hydrogen fueled cars using engine waste heat The alloy 
which combined rare earth elements, such as others, magnesium and a lanthanum, and 
a cerium, as such a magnesium system hydrogen storing metal alloy is known. [ alloy / 
of the conventional above / magnesium-nickel system ] 

[0004] on the other hand, the alloy of an yttrium and magnesium is indicated or 
reported by JP,57-4581 7,B, the collection 2nd separate volume of the 28th time 
autumn convention research presentation lecture summaries of the Society of 
Chemical Engineers, Japan, and the 345th page "the hydrogen permeation property of 
a Mg-Y alloy", for example — **** — it does not pass and the actual condition is 
hardly inquired. Moreover, it is almost unstated and is not known [ in / approach / of 
this alloy / manufacture / the above-mentioned official report and the collection of 
summaries ] about the solution process or the solidifying method for homogenization, 
[0005] By the way, if an yttrium and magnesium compare those melting points, to the 
former being 1526 degrees C, the latter is 649 degrees C and has the big difference. 
Therefore, it is the metal which dissolves with a fusion furnace and is generally hard to 
alloy to a predetermined presentation. For example, if it is going to dissolve an yttrium 
and magnesium with a fusion furnace, it will follow on carrying out a temperature up, 
magnesium will dissolve first and it will sediment to crucible, but before beginning to 
sublimate this magnesium to coincidence and forming a magnesium-yttrium alloy, the 
yttrium for a mind handbill and un-dissolving remains in the bottom of crucible, and 
magnesium invites the situation which is not desirable where the alloy which has a 
predetermined presentation cannot be formed. Although it is possible to blend too 
much the magnesium of the amount which is equivalent to a lost part beforehand in 
order to avoid such a situation that is not desirable, the amount which **** in this 
case is not fixed by dissolution conditions, as a result dispersion arises in the 
hydrogen absorption property of the alloy obtained, or the problem of the engine 
performance fully not being demonstrated arises. 
[0006] 

[Problem(s) to be Solved by the Invention] Under such a situation, by the usual 
approach, this invention alloys the big magnesium and the big yttrium of a melting 
point difference with homogeneous difficult alloying to homogeneity so that a bias may 
not arise in a presentation, and it aims at offering the approach of manufacturing 
efficiently the magnesium-yttrium system hydrogen storing metal alloy which has the 
desired engine performance. 
[0007] 

[Means for Solving the Problem] When this invention persons did cooling coagulation 
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of that an alloy with a homogeneous presentation is efficiently obtained by using a 
specific solution process in case magnesium and an yttrium are alloyed, as a result of 
repeating research wholeheartedly, in order to attain said purpose, and the alloy 
molten metal formed further, they found out that the alloy which has the crystal 
structure with a homogeneously precise presentation was obtained by adopting a 
specific cooling rate. This invention is completed based on this knowledge. 
[0008] Namely, this invention is in charge of manufacturing the hydrogen storing metal 
alloy which uses (1) magnesium and an yttrium as a principal component (a) The first 
process which inserts an yttrium raw material in a fusion furnace, and is heated at the 
temperature below the melting point, (b) The second process which adds a magnesium 
raw material and carries out the heating dissolution so that it may become a 
predetermined presentation ratio in the heating raw material of the first process, And 
the manufacture approach of the magnesium-yttrium system hydrogen storing metal 
alloy characterized by performing the third process which carries out cooling 
coagulation of the magnesium-yttrium system alloy molten metal formed at the (c) 
second process one by one is offered. Moreover, this invention is in charge of 
manufacturing the hydrogen storing metal alloy which uses (2) magnesium and an 
yttrium as a principal component Some of yttrium raw materials and magnesium raw 
materials are inserted in a fusion furnace, (a') In the heating raw material of the first 
process and the first (b') process heated at the temperature below the melting point 
of this yttrium raw material The second process which adds the remainder of a 
magnesium raw material and carries out the heating dissolution so that it may become 
a predetermined presentation ratio, And the manufacture approach of the 
magnesium-yttrium system hydrogen storing metal alloy characterized by performing 
the third process which carries out cooling coagulation of the magnesium-yttrium 
system alloy molten metal formed at the (c) second process one by one is also offered. 
[0009] Furthermore, the desirable mode for carrying out this invention (3) In case a 
magnesium raw material is added and the heating dissolution is carried out in the 
second process, so that a rapid pressure buildup may not happen into a fusion furnace 
The above (1), the manufacture approach given in (2) of carrying out the heating 
dissolution, while controlling the climbing speed of furnace internal pressure, (4) The 
manufacture approach of the above-mentioned (3) publication which controls the 
pressure climbing speed in a fusion furnace to a part for 10 - SOTorr/, (5) The above 
which performs control of the pressure climbing speed in a fusion furnace by 
controlling the programming rate in a furnace (3), (4) In the manufacture approach of 
the above-mentioned (5) publication which controls the manufacture approach of a 
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publication, and the programming rate in (6) fusion furnaces to a part for 3 - 
1 2-degree-C/, and the (7) third process the manufacture approach given 
[ above-mentioned ] in (1) - (6) of cooling with the cooling rate of 50-500 degrees 
C/second, and making a magnesium-yttrium system alloy molten metal solidilying — 
it comes out 
[0010] 

[Embodiment of the Invention] the alloy which the magnesium-yttrium system 
hydrogen storing metal alloy obtained by the approach of this invention uses 
magnesium and an yttrium as a principal component, and consists only of magnesium 
and an yttrium — you may be — these — the suitable metal which can be alloyed 
further, for example, calcium, barium, strontium, aluminum, copper, and nickel — it was 
further chosen from rare earth elements, such as a lanthanum and a cerium, etc. — a 
kind may be made to contain at least In this invention, as a magnesium raw material 
used as one of the raw materials of the above-mentioned magnesium-yttrium system 
alloy, metal magnesium may be used and a Magnesium alloy, for example, a 
magnesium-calcium alloy etc., may be used depending on an alloy presentation. On 
the other hand, as an yttrium raw material used as another raw material, a metal 
yttrium may be used and an yttrium alloy, for example, an 
yttrium-rare-earth-elements alloy etc., may be used depending on an alloy 
presentation. Furthermore, the suitable metal or suitable alloy chosen from the 
above-mentioned metals with the magnesium raw material and the yttrium raw 
material can be used by the case. 

[0011] Moreover, when alloying with a magnesium raw material and an yttrium raw 
material using other metals, In other metals, elements, such as the thing which has 
descriptions closer to magnesium than an yttrium, such as the melting point, for 
example, calcium, and aluminum It is desirable to adopt the same way of dealing with it 
as a magnesium raw material, and, as for elements, such as the thing which has 
descriptions closer to an yttrium than magnesium, such as the melting point, for 
example, a lanthanum, nickel, and copper, on the other hand, it is desirable to adopt 
the same way of dealing with it as an yttrium raw material. 

[0012] The manufacture approach of the magnesium-yttrium system alloy of this 
invention consists of 3 of the first process shown below, the second process, and the 
third process processes. First, in the first process, all of yttrium raw materials or all of 
yttrium raw materials and the part of a magnesium raw material, and after inserting in 
the magnesium raw material of 30% or less of amount of loadings preferably and 
carrying out evacuation preferably, inert gas, such as argon gas, is introduced into the 
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crucible in fusion furnaces, such as a RF induction fusion furnace and a vacuum 
melting furnace, and the pressure in a furnace is maintained to extent preferably 
exceeding 200TorKs) at it. Subsequently, in the temperature below the melting point 
of an yttrium raw material, it heats and the temperature up of the raw material 
inserted in in crucible is carried out until this raw material becomes red-hot. Under 
the present circumstances, the temperature of the above-mentioned raw material is 
more than the melting point of magnesium, and it is advantageous to heat so that it 
may become the range of 650-900 degrees C. 

[0013] Next, in the second process, on the mixture of the yttrium raw material or 
yttrium raw material heated at the first above-mentioned process, and a magnesium 
raw material, it adds so that it may become a predetermined presentation ratio, and 
the temperature up of the magnesium raw material is carried out gradually. In this 
case, in the first process, since the raw material in crucible is heated more than the 
melting point of a magnesium raw material, the added magnesium raw material begins 
to dissolve gradually, and melting the part in contact with an yttrium raw material as 
an alloy in connection with it, the sedimentation dissolution is carried out at a crucible 
bottom, and it alloys to homogeneity. 

[0014] In this second process, when a temperature up is performed rapidly, 
magnesium bumps, it scatters in a furnace or there is a possibility of causing the 
situations which are not desirable, such as ****(ing). In such a case, since the 
pressure in a furnace goes abruptly up, it is desirable to control a programming rate so 
that a rapid pressure buildup may not happen, it is advantageous to control a 
programming rate in 3-1 2-degree-C range for /, and to hold down a pressure climbing 
speed to the range for 1 0 - SOTorr/especially. A programming rate exceeds a part for 
1 2"degree-C/, or if a pressure climbing speed exceeds a part for SOTorKs)/, 
magnesium will bump, a loss becomes large, and the alloy of a homogeneity 
presentation is hard to be obtained. Moreover, it takes [ alloying ] time amount too 
much and is not desirable, when a programming rate is the following by 3-degree-C/or 
a pressure climbing speed is the following by lOTorKs)/. In this second process, the 
range of the upper limit of whenever [ furnace temperature ] is usually 1050-1100 
degrees C, and the upper limit of furnace internal pressure is usually the range of 300 
- 400Torr. Since magnesium carries out the sedimentation dissolution at a crucible 
bottom, melting as an alloy the part which can lengthen the contact time of 
magnesium and an yttrium and contacts an yttrium raw material by carrying out the 
heating dissolution on such conditions, the uniform dissolution is attained. 
[0015] Finally, in the third process, cooling coagulation of the magnesium-yttrium 
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system alloy molten metal formed at the second process of the above is carried out It 
is desirable to perform this cooling coagulation on a water-cooled surface plate. 
Moreover, it is advantageous in this case to make it solidify with the cooling rate of 
50-500 degrees C/second. In a second, the crystalline structure of an alloy does not 
do [ this cooling rate ] eburnation in less than 50 degrees C /, but there is a possibility 
that a hydrogen absorption property may not fully be demonstrated. Moreover, if a 
cooling rate exceeds a second in 500 degrees C /, turbulence and a good hydrogen 
absorption property may not be demonstrated for the crystal structure of an alloy. 
The range of 100-300 degrees C/second is suitable for the point of carrying out 
eburnation of the crystal structure of an alloy, and demonstrating a good hydrogen 
absorption property to especially a cooling rate. Thus, the obtained 
magnesium-yttrium system hydrogen storing metal alloy has a uniform presentation or 
a homogeneous presentation, and the precise crystal structure, and a desired 
hydrogen absorption property is demonstrated. 
[0016] 

[Example] Next, although an example explains this invention to a detail further, this 
invention is not limited at all by these examples. 

Example 1 Y5 Mg24 A total (99.9% of purity) of an yttrium (99.9% of purity) and 2000g of 
magnesium was used so that it might become an alloy presentation. First, after 
inserting the yttrium whole quantity in the crucible in a RF induction fusion furnace 
and exhausting the inside of a furnace to O.ITorKs), argon gas was introduced to 
260TorKs) and heating was started. When it heated for 40 minutes with about 
20-degree-C programming rate for /and the temperature in a furnace amounted to 
800 degrees C, the magnesium whole quantity was added to the yttrium in the crucible 
in a furnace. Subsequently, acting as a monitor so that the climbing speed of flimace 
internal pressure may become the range which is a part for 10 - 50Torr/, when it 
heated for 35 minutes and became 1070 degrees C with 8-degree-C programming 
rate for /, heating was stopped, and cooling coagulation of the alloy molten metal was 
carried out on conditions with a cooling rate of 150 degrees C [/second ] on the 
water-cooled surface plate. Thus, the sampling was performed from the upper part 
and the lower part of the obtained alloy, ICP (Inductively Coupled Plazma) 
spectrographic analysis was performed, and the presentation was searched for. A 
result is shown in the 1st table. 

[0017] Moreover, the scanning electron microscope (SEM) photograph Fig. of this 
alloy is shown in drawing 1 , and the qualitative point analysis chart by the EDS 
equipment of this alloy is shown in drawing 2 . The peak of magnesium and the peak of 
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an yttrium are accepted in this drawing 2 . Therefore, these drawings show that it is 
the precise magnesium-yttrium alloy of the crystal structure. Furthermore, the 
hydrogen absorption property of this alloy was searched for as follows. 
[001 8] argon gas after inserting this whole quantity in the crucible in a RF induction 
fusion furnace and exhausting the inside of a furnace to O.ITorKs) like example of 
comparison 1 example 1, using an yttrium and magnesium a total of 2000g — 
260TorKs) up to — it introduced and heating was started. It heats for 70 minutes with 
about 15-degree-C programming rate for /, and when molten metal temperature 
amounted to 1070 degrees C, cooling coagulation of the alloy molten metal was 
carried out on the water-cooled surface plate. Thus, the sampling was performed from 
the upper part and the lower part of the obtained alloy, ICP AEM was performed, and 
the presentation was searched for. A result is shown in the 1st table. 
[0019] A total (99.9% of purity) of an yttrium (99.9% of purity), magnesium (99.9% of 
purity), and 2000g of copper was used so that it might become the alloy presentation 
of example 2Y5 Mg22.5 Cu1.5. First, after inserting the whole quantity of an yttrium 
and copper in the crucible in a RF induction fusion furnace and exhausting the inside 
of a furnace to 0.1Torr(s). argon gas was introduced to 260TorKs) and heating was 
started. When it heated for 50 minutes with about 1 6-degree-C programming rate for 
/and the temperature in a furnace amounted to 800 degrees the magnesium whole 
quantity was added into the yttrium in the crucible in a furnace, and copper mixture. 
Subsequently, acting as a monitor so that the climbing speed of Hirnace internal 
pressure may become the range which is a part for 10 - SOTorr/, when it heated for 
40 minutes and became 1070 degrees C with 7-degree-C programming rate for /, 
heating was stopped, and cooling coagulation of the alloy molten metal was carried out 
on conditions with a cooling rate of 1 50 degrees C [/second ] on the water-cooled 
surface plate. Thus, the sampling was performed from the upper part and the lower 
part of the obtained alloy. ICP AEM was performed, and the presentation was 
searched for. A result is shown in the 1st table. 

[0020] After inserting this whole quantity in the crucible in a RF induction fusion 
furnace and exhausting the inside of a furnace to O.ITorKs) like example of 
comparison 2 example 2, using an yttrium, magnesium, and copper a total of 2000g. 
argon gas was introduced to 260TorKs) and heating was started. It heats for 85 
minutes with about 13-degree-C programming rate for /, and when molten metal 
temperature amounted to 1070 degrees C, cooling coagulation of the alloy molten 
metal was carried out on the water-cooled surface plate. Thus, the sampling was 
performed from the upper part and the lower part of the obtained alloy, ICP AEM was 
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performed, and the presentation was searched for. A result is shown in the 1 st table. 

[0021] 

[Table 1] 



[0022] As shown in the 1st table, according to the approach of this invention, any 
element serves as a target system mostly, and does not almost have dispersion in a 
presentation in the upper part and the lower part of an alloy. On the other hand, by the 
approach of the example of a comparison, it separates greatly from a target system, 
there is dispersion in a presentation in the upper part and the lower part of an alloy, 
and the non-melt of an yttrium remained in the crucible bottom. 
[0023] 

[Effect of the Invention] According to the approach of this invention, magnesium can 
lose or the magnesium-yttrium system hydrogen storing metal alloy which 
un-dissolving [ the amount of / of an yttrium ] does not remain, and has a 
homogeneous presentation or a homogeneous presentation, and the precise crystal 
structure can be manufactured efficiently. The magnesium-yttrium system hydrogen 
storing metal alloy obtained by the approach of this invention is useful as an object for 
hydrogen fueled cars using the waste heat of the cold and the object for heating 
systems which has the desired hydrogen absorption property, for example, used works 
waste heat or an engine etc. 

TECHNICAL FIELD 
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[Field of the Invention] This invention relates to the approach of manufacturing 
efficiently the magnesium-yttrium system hydrogen storing metal alloy of a 
homogeneity presentation of the type used for hydrogen storage, heat pump, a cell, 
etc. in more detail by the available high temperature which has equilibrium pressure 
from ordinary pressure at 10atm(s), about the manufacture approach of a 
magnesium-yttrium system hydrogen storing metal alloy. 

PRIOR ART 



[Description of the Prior Art] In recent years, a hydrogen storing metal alloy attracts 
attention as one of the metal system new materials, and the application study is. made 
positively. If it generates heat while it will absorb hydrogen and will serve as metal 
hydride, if this hydrogen storing metal alloy makes temperature low or a pressure is 
applied, and temperature is conversely made high or a pressure is lowered, it has the 
property to take heat at the same time it emits the hydrogen which was being 
absorbed again. Therefore, using such a property, a hydrogen storing metal alloy can 
be used for storage of hydrogen, storage of energy, or conversion of chemical energy 
and heat energy, for example, the use to hydrogen storage equipment, the heat pump 
of exhaust heat use, a chemical engine, the electrode material of a nickel hydoride 
battery, etc. is tried. 

[0003] The alloy which combined various elements according to the application is 
known by such hydrogen storing metal alloy, and a lanthanum-nickel system, a 
titanium-iron system, a zirconium-manganese system, a magnesium-nickel system, 
etc. are mentioned to it as a typical alloy. In these hydrogen storing metal alloys, the 
temperature dissociation pressure indicates one atmospheric pressure to be is 200 
degrees C or more, and since occlusion of the hydrogen is carried out into an alloy at 
an elevated temperature, the occlusion and emission of hydrogen of a magnesium 
system alloy are attained using a hot heat source. Therefore, this magnesium system 
alloy is useful as the cold and the object for heating systems using for example, works 
waste heat, or an object for hydrogen fueled cars using engine waste heat The alloy 
which combined rare earth elements, such as others, magnesium and a lanthanum, and 
a cerium, as such a magnesium system hydrogen storing metal alloy is known. [ alloy / 
of the conventional above / magnesium-nickel system ] 

[0004] on the other hand, the alloy of an yttrium and magnesium is indicated or 
reported by JP,57-45817,B, the collection 2nd separate volume of the 28th time 
autumn convention research presentation lecture summaries of the Society of 
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Chemical Engineers, Japan, and the 345th page the hydrogen permeation property of 
a Mg^Y alloy", for example — **** — it does not pass and the actual condition is 
hardly inquired. Moreover, it is almost unstated and is not known [ in / approach / of 
this alloy / manufacture / the above-mentioned official report and the collection of 
summaries ] about the solution process or the solidifying method for homogenization. 
[0005] By the way. if an yttrium and magnesium compare those melting points, to the 
former being 1 526 degrees C, the latter is 649 degrees C and has the big difference. 
Therefore, it is the metal which dissolves with a fusion furnace and is generally hard to 
alloy to a predetermined presentation. For example, if it is going to dissolve an yttrium 
and magnesium with a fusion furnace, it will follow on carrying out a temperature up, 
magnesium will dissolve first, and it will sediment to crucible, but before beginning to 
sublimate this magnesium to coincidence and forming a magnesium-yttrium alloy, the 
yttrium for a mind handbill and un-dissolving remains in the bottom of crucible, and 
magnesium invites the situation which is not desirable where the alloy which has a 
predetermined presentation cannot be formed. Although it is possible to blend too 
much the magnesium of the amount which is equivalent to a lost part beforehand in 
order to avoid such a situation that is not desirable, the amount which in this 
case is not fixed by dissolution conditions, as a result, dispersion arises in the 
hydrogen absorption property of the alloy obtained, or the problem of the engine 
performance fully not being demonstrated arises. 

EFFECT OF THE INVENTION 



[Effect of the Invention] According to the approach of this invention, rtiagnesium can 
lose or the magnesium-yttrium system hydrogen storing metal alloy which 
un-dissolving [ the amount of / of an yttrium ] does not remain, and has a 
homogeneous presentation or a homogeneous presentation, and the precise crystal 
structure can be manufactured efficiently. The magnesium-yttrium system hydrogen 
storing metal alloy obtained by the approach of this invention is useful as an object for 
hydrogen fueled cars using the waste heat of the cold and the object for heating 
systems which has the desired hydrogen absorption property, for example, used works 
waste heat, or an engine etc. 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Under such a situation, by the usual 
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approach, this invention alloys the big magnesium and the big yttrium of a melting 
point difference with homogeneous difficult alloying to homogeneity so that a bias may 
not arise in a presentation, and it aims at offering the approach of manufacturing 
efficiently the magnesium-yttrium system hydrogen storing metal alloy which has the 
desired engine performance. 

MEANS 



[Means for Solving the Problem] When this invention persons did cooling coagulation 
of that an alloy with a homogeneous presentation is efficiently obtained by using a 
specific solution process in case magnesium and an yttrium are alloyed, as a result of 
repeating research wholeheartedly, in order to attain said purpose, and the alloy 
molten metal formed further, they found out that the alloy which has the crystal 
structure with a homogeneously precise presentation was obtained by adopting a 
specific cooling rate. This invention is completed based on this knowledge. 
[0008] Namely, this invention is in charge of manufacturing the hydrogen storing metal 
alloy which uses (1) magnesium and an yttrium as a principal component (a) The first 
process which inserts an yttrium raw material in a fusion furnace, and is heated at the 
temperature below the melting point, (b) The second process which adds a magnesium 
raw material and carries out the heating dissolution so that it may become a 
predetermined presentation ratio in the heating raw material of the first process, And 
the manufacture approach of the magnesiums-yttrium system hydrogen storing metal 
alloy characterized by performing the third process which carries out cooling 
coagulation of the magnesium-yttrium system alloy molten metal formed at the (c) 
second process one by one is offered Moreover, this invention is in charge of 
manufacturing the hydrogen storing metal alloy which uses (2) magnesium and an 
yttrium as a principal component Some of yttrium raw materials and magnesium raw 
materials are inserted in a fusion furnace. (aO In the heating raw material of the first 
process and the first (bO process heated at the temperature below the melting point 
of this yttrium raw material The second process which adds the remainder of a 
magnesium raw material and carries out the heating dissolution so that it may become 
a predetermined presentation ratio, And the manufacture approach of the 
magnesium-yttrium system hydrogen storing metal alloy characterized by performing 
the third process which carries out cooling coagulation of the magnesium-yttrium 
system alloy molten metal formed at the (c) second process one by one is also offered. 
[0009] Furthermore, the desirable mode for carrying out this invention (3) In case a 
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magnesium raw material is added and the heating dissolution is carried out in the 
second process, so that a rapid pressure buildup may not happen into a fusion furnace 
The above (1), the manufacture approach given in (2) of carrying out the heating 
dissolution, while controlling the climbing speed of furnace internal pressure, (4) The 
manufacture approach of the above-mentioned (3) publication which controls the 
pressure climbing speed in a fusion furnace to a part for 10 - 50Torr/, (5) The above 
which performs control of the pressure climbing speed in a fusion furnace by 
controlling the programming rate in a furnace (3), (4) In the manufacture approach of 
the above-mentioned (5) publication which controls the manufacture approach of a 
publication, and the programming rate in (6) fusion furnaces to a part for 3 - 
12-degree-C/, and the (7) third process the manufacture approach given 
[ above-mentioned ] in (1) - (6) of cooling with the cooling rate of 50-500 degrees 
C/second, and making a magnesium-yttrium system alloy molten metal solidifying — 
it comes out 
[0010] 

[Embodiment of the Invention] the alloy which the magnesium-yttrium system 
hydrogen storing metal alloy obtained by the approach of this invention uses 
magnesium and an yttrium as a principal component and consists only of magnesium 
and an yttrium — you may be — these — the suitable metal which can be alloyed 
further, for example, calcium, barium, strontium, aluminum, copper, and nickel — it was 
further chosen from rare earth elements, such as a lanthanum and a cerium, etc. — a 
kind may be made to contain at least In this invention, as a magnesium raw material 
used as one of the raw materials of the above-mentioned magnesium-yttrium system 
alloy, metal magnesium may be used and a Magnesium alloy, for example, a 
magnesium-calcium alloy etc., may be used depending on an alloy presentation. On 
the other hand, as an yttrium raw material used as another raw material, a metal 
yttrium may be used and an yttrium alloy, for example, an 
yttrium-rare-earth-elements alloy etc., may be used depending on an alloy 
presentation. Furthermore, the suitable metal or suitable alloy chosen from the 
above-mentioned metals with the magnesium raw material and the yttrium raw 
material can be used by the case. 

[0011] Moreover, when alloying with a magnesium raw material and an yttrium raw 
material using other metals. In other metals, elements, such as the thing which has 
descriptions closer to magnesium than an yttrium, such as the melting point, for 
example, calcium, and aluminum It is desirable to adopt the same way of dealing with it 
as a magnesium raw material, and, as for elements, such as the thing which has 
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descriptions closer to an yttrium than magnesium, such as the melting point, for 
example, a lanthanum, nickel, and copper, on the other hand, it is desirable to adopt 
the same way of dealing with it as an yttrium raw material. 

[0012] The manufacture approach of the magnesium-yttrium system alloy of this 
invention consists of 3 of the first process shown below, the second process, and the 
third process processes. First, in the first process, all of yttrium raw materials or all of 
yttrium raw materials and the part of a magnesium raw material, and after inserting in 
the magnesium raw material of 30% or less of amount of loadings preferably and 
carrying out evacuation preferably, inert gas. such as argon gas, is introduced into the 
crucible in fusion furnaces, such as a RF induction ftjsion furnace and a vacuum 
melting furnace, and the pressure in a furnace is maintained to extent preferably 
exceeding 200Torr(s) at it Subsequently, in the temperature below the melting point 
of an yttrium raw material, it heats and the temperature up of the raw material 
inserted in in crucible is carried out until this raw material becomes red-hot Under 
the present circumstances, the temperature of the above-mentioned raw material is 
more than the melting point of magnesium, and it is advantageous to heat so that it 
may become the range of 650-900 degrees C. 

[0013] Next in the second process, on the mixture of the yttrium raw material or 
yttrium raw material heated at the first above-mentioned process, and a magnesium 
raw material, it adds so that it may become a predetermined presentation ratio, and 
the temperature up of the magnesium raw material is carried out gradually. In this 
case, in the first process, since the raw material in crucible is heated more than the 
melting point of a magnesium raw material, the added magnesium raw material begins 
to dissolve gradually, and melting the part in contact with an yttrium raw material as 
an alloy in connection with it, the sedimentation dissolution is carried out at a crucible 
bottom, and it alloys to homogeneity. 

[0014] In this second process, when a temperature up is performed rapidly, 
magnesium bumps, it scatters in a furnace or there is a possibility of causing the 
situations which are not desirable, such as ****(ing). In such a case, since the 
pressure in a furnace goes abruptly up, it is desirable to control a programming rate so 
that a rapid pressure buildup may not happen. It is advantageous to control a 
programming rate in 3-1 2-degree-C range for /, and to hold down a pressure climbing 
speed to the range for 10 - SOTorr/especially. A programming rate exceeds a part for 
1 2-degree-C/, or if a pressure climbing speed exceeds a part for SOTorKs)/, 
magnesium will bump, a **** loss becomes large, and the alloy of a homogeneity 
presentation is hard to be obtained. Moreover, it takes [ alloying ] time amount too 
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much and is not desirable, when a programming rate is the following by 3-degree-C/or 
a pressure climbing speed is the following by 10Torr(s)/. In this second process, the 
range of the upper limit of whenever [ furnace temperature ] is usually 1050-1100 
degrees C, and the upper limit of furnace internal pressure is usually the range of 300 
- 400Torr. Since magnesium carries out the sedimentation dissolution at a crucible 
bottom, melting as an alloy the part which can lengthen the contact time of 
magnesium and an yttrium and contacts an yttrium raw material by carrying out the 
heating dissolution on such conditions, the uniform dissolution is attained. 
[0015] Finally, in the third process, cooling coagulation of the magnesium-yttrium 
system alloy molten metal formed at the second process of the above is carried out It 
is desirable to perform this cooling coagulation on a water-cooled surface plate. 
Moreover, it is advantageous in this case to make it solidify with the cooling rate of 
50-500 degrees C/second. In a second, the crystalline structure of an alloy does not 
do [ this cooling rate ] ebumation in less than 50 degrees C /, but there is a possibility 
that a hydrogen absorption property may not fully be demonstrated Moreover, if a 
cooling rate exceeds a second in 500 degrees C /, turbulence and a good hydrogen 
absorption property may not be demonstrated for the crystal structure of an alloy. 
The range of 100-300 degrees C/second is suitable for the point of carrying out 
eburnation of the crystal structure of an alloy, and demonstrating a good hydrogen 
absorption property to especially a cooling rate. Thus, the obtained 
magnesium-yttrium system hydrogen storing metal alloy has a uniform presentation or 
a homogeneous presentation, and the precise crystal structure, and a desired 
hydrogen absorption property is demonstrated. 

EXAMPLE 



[Example] Next, although an example explains this invention to a detail further, this 
invention is not limited at all by these examples. 

Example 1 Y5 Mg24 A total (99.9% of purity) of an yttrium (99.9% of purity) and 2000g of 
magnesium was used so that it might become an alloy presentation. First, after 
inserting the yttrium whole quantity in the crucible in a RF induction fusion furnace 
and exhausting the inside of a furnace to O.ITorKs), argon gas was introduced to 
260TorKs) and heating was started. When it heated for 40 minutes with about 
20-degree-C programming rate for /and the temperature in a furnace amounted to 
800 degrees C, the magnesium whole quantity was added to the yttrium in the crucible 
in a furnace. Subsequently, acting as a monitor so that the climbing speed of furnace 
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internal pressure may become the range which is a part for 10 - 50Torr/, when it 
heated for 35 minutes and became 1070 degrees C with 8-degree-C programming 
rate for /, heating was stopped, and cooling coagulation of the alloy molten metal was 
carried out on conditions with a cooling rate of 1 50 degrees C [/ second ] on the 
water-cooled surface plate. Thus, the sampling was performed from the upper part 
and the lower part of the obtained alloy, ICP (Inductively Coupled Plazma) 
spectrographic analysis was performed, and the presentation was searched for. A 
result is shown in the 1st table. 

[0017] Moreover, the scanning electron microscope (SEM) photograph Fig. of this 
alloy is shown in drawing 1 , and the qualitative point analysis chart by the EDS 
equipment of this alloy is shown in drawing 2 . The peak of magnesium and the peak of 
an yttrium are accepted in this drawing 2 . Therefore, these drawings show that it is 
the precise magnesium-yttrium alloy of the crystal structure. Furthermore, the 
hydrogen absorption property of this alloy was searched for as follows. 
[0018] argon gas after inserting this whole quantity in the crucible in a RF induction 
fusion furnace and exhausting the inside of a furnace to O.ITorKs) like example of 
comparison 1 example 1, using an yttrium and magnesium a total of 2000g — 
260TorKs) up to — it introduced and heating was started. It heats for 70 minutes with 
about 15-degree-C programming rate for /. and when molten metal temperature 
amounted to 1070 degrees C. cooling coagulation of the alloy molten metal was 
carried out on the water-cooled surface plate. Thus, the sampling was performed from 
the upper part and the lower part of the obtained alloy, ICP AEM was performed, and 
the presentation was searched for. A result is shown in the 1 st table. 
[0019] A total (99.9% of purity) of an yttrium (99,9% of purity), magnesium (99.9% of 
purity), and 2000g of copper was used so that it might become the alloy presentation 
of example 2Y5 Mg22.5 Cu1.5. First, after inserting the whole quantity of an yttrium 
and copper in the crucible in a RF induction fusion furnace and exhausting the inside 
of a furnace to O.ITorKs), argon gas was introduced to 260TorKs) and heating was 
started. When it heated for 50 minutes with about 16-degree-C programming rate for 
/and the temperature in a furnace amounted to 800 degrees C, the magnesium whole 
quantity was added into the yttrium in the crucible in a furnace, and copper mixture. 
Subsequently, acting as a monitor so that the climbing speed of furnace internal 
pressure may become the range which is a part for 10 - 50Torr/, when it heated for 
40 minutes and became 1070 degrees C with 7-degree-C programming rate for /, 
heating was stopped, and cooling coagulation of the alloy molten metal was carried out 
on conditions with a cooling rate of 1 50 degrees C [/second ] on the water-cooled 
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surface plate. Thus, the sampling was performed from the upper part and the lower 
part of the obtained alloy, ICP AEM was performed, and the presentation was 
searched for. A result is shown in the 1st table. 

[0020] After inserting this whole quantity in the crucible in a RF induction fusion 
furnace and exhausting the inside of a furnace to 0.1Torr(s) like example of 
comparison 2 example 2, using an yttrium, magnesium, and copper a total of 2000g, 
argon gas was introduced to 260TorKs) and heating was started. It heats for 85 
minutes with about 13-degree-C programming rate for /, and when molten metal 
temperature amounted to 1070 degrees C, cooling coagulation of the alloy molten 
metal was carried out on the water-cooled surface plate. Thus, the sampling was 
performed from the upper part and the lower part of the obtained alloy, ICP AEM was 
performed, and the presentation was searched for. A result is shown in the 1st table. 
[0021] 
[Table 1] 
No translation 

[0022] As shown in the 1st table, according to the approach of this invention, any 
element serves as a target system mostly, and does not almost have dispersion in a 
presentation in the upper part and the lower part of an alloy. On the other hand, by the 
approach of the example of a comparison, it separates greatly from a target system, 
there is dispersion in a presentation in the upper part and the lower part of an alloy, 
and the non-melt of an yttrium remained in the crucible bottom. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the scanning electron microscope . (SEM) photograph Fig. of the 
magnesium-yttrium alloy obtained in the example 1. 

[Drawing 2] It is a qualitative point analysis chart by the EDS equipment of the 
magnesium-yttrium alloy obtained in the example 1 . 

DRAWINGS 



[Drawing 1] 
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